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(54) Fluorescent liquid crystalline charge transfer materfals 

(S7) Hie present invention relates to novel charge transfer materials wfiich have botfi the advantageous propertes 
of anwrphous ntaterials such as structural flexibflrty and uniformity over targe areas, and those of crystaline nr)ateriats 
suc^ as molecular orientation and which are excellent In charge traneferability. thin^lm formability; and durability of var* 
ious types. The fiquid crystaAtne charge transfer materials have the fbllmfng structure (A) containing aftuorescent skel- 
etal structure Y, and the core Z of a liQuid crystal: 



Rl Xi- 



(A) 



in wtiich , which may directly be combined with Z wHhout interposing . represerts a saturated or unsaturated, and 
linear, branched or cydic h/drocart>on group having 1 to 22 caitxsn atoms: and and X2 represent opcygen atom, sulfur 
atom, or -CX>. -OCO-, -000% -N-CH-, -CONH-. -NH-. -WHCO- or -CHg- groMO; or 




in which R^ and R^. wMch may directfy be combined with Y without Interposing Xi and X2, each represent a saturated 
or unsaturated, and linear, branched or cyclic hydrDcait>on group having 1 to 22 carton atoms; end X^ and X2 represent 
oxygen atom, sulfur atom, or -00-. -OCO-, -COO», -NoCH-. -C0NH-, -NH-, •NHCO- or • Oij- group. 
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Description 

[0001] The present invention relates to fluorescent liquid crystallkie charge transfer materiate. More particularty; tie 
present Invention relates to liquid crystalline organic ntaterials having ftuorescence and charge transfemt»lity. and to 
5 various elements or devices using these oiganic materiate. 

[0002] As charge transfer materials, there have conventionally been known those materials which are obtained by 
dissolving or dispersing charge transfer molecules, which will become charge transfer sites, in matrix materials such as 
potycaft)onate resins; and those materials such as polyvinyl cart>azole which have pofymer badtenes and charge 
transfer molecular structures as pendants to the backbones. These materials have vridety been used for produdng pho- 
to toGondudors tor use in copying machines, printers, and the Hka. 

[0009] In the case of the dispersion^type charge transfer materials in the above-de8crfl>ed conventional charge trans- 
fer materials, it is desirable Ibr improving charge tiansferablity that charge transfer molecules be highly soluble in a 
matrix pofymer. Practicaly, however, charge transfer moiecties are cryskaflized in a matrix when the concentratk)n of 
the charge transfer molecutes in the matrix is made high Therefore, the concentratkm of charge transfer molecules in 
15 a matrix is. In general, limited to 20 to 50% by weight although it depends on the type of the charge transfer molecules. 
Consequently, the anrtoum of the matrix having no charge transferabi^ 

materia); and. when such a material is made into a film, the sufficienlty high charge transferabiKty and speed of 

response of the charge transfer molecules are restricted by the matrix. 

[D004] On the other hand, in the case of charge transfer polyniers of the above<Je6cnl^ 
20 proportkm of pwxlarrtstwving Charge transferabSity^s^ 

bifty. and ateo in mechanical strength, environmental stability and durabiTrty when ttwy are made into fflme. Further, in 

thec^mrgetransfg^i^^ pendants areloc^ proodmity. Such locally dose 

pendants become stable sites when hopping of ^ectric charges is conducted, and act as a land of traps! Consequ^y.^ 

the mobi&ty of electic charges is lowered. 
25 [0005] Furthermcv^e. the features of the above-described amorphous materials, viewed from electrical charaderislics 

are dHferertt from those of crystalline materials; and the amorphous materials have such a problem that hopping sftes 

hanwfhjctuatkyi in tennsofnot only space but also energy. For this reason, tfionfiobarty of electric charges in the amor* 

phous materials is tughly dependent on the concentration of diarge transfer sites; and it is genmlly from about lO'^ to 

10*^ cnfArs. This value is much smaller than the moblrty of electric charges in n^ 
90 of 0.1 to 1 cnrt^/vs. Moreover, there is such a proUem that the charge transferabiltiy is Hgh^ 

penature and electric field strength. This is the great difference t)etween the anrx)rphous diarge traitsfer n»terial8 and 

crystalline ones. 

[0006] In addition, for such applications that require charge transfer layers having large areas, pdycrystalline charge 
transfer materials are arrticipated because they can uniformly be made into diarge transfer fflms having large areas. 
35 However, polycrystalline materials are essentially unhomogeneous from the microsoopical point of view. They have 
therefore some problems; tor example, it is necessary to suppress those defects which wiO be formed on partide-parti* 
de interfaoes. 

[0007] An object of the present invention is therefore to sohre the alorenr)entioned problems in the prior art thereby 
providing novel charge transfer materials which have both the advantageous properties of amorphous materials such 

40 as structural f lexibirrty and unrformity over targe areas, and those of crystalline n«ateri^ such ft& molecular orientation 
arxf which are excellent in charge transferability, thin^m formability, and durability of various type& 
[0006] Further, we also found that sonrte of the above<f escribed novel charge transfer materials themselves are fluo- 
rescent When a display element such as an electroluminescent element is composed by using such a charge transfer 
material, it is not necessary to intoduce any fluorescem material whidt tends to irn^^ 

45 a Bquid crystal. Therefore. Ihepresent invention also provides charge tra^ 

charge tran6;ferabirTty. viAiich do not diange the nature of liquid crystals mi which can attain high mobiity of electric 
charges. 

100091 Furtherrriore.the(iquidcryelalBnen»terialsofthepreseminvemk)nhavebo^ 

rescence. Therefore, when they are used, tor exanrple. as electro-luminescent dements, the electro-luminescert de- 
so ments can be produced by using only the Hquid crystalline nriaterials, and the production process of the dements can 
thus be simplrfied. although it is necessary, for conposing conventtonat electro-luminescent elements, to use two or 
three layers of an electron transfer layer; a hde transfer layer and a lunn^^ 
ha\nng electron traneferablDty. ftole transferabi&ty or fkioresoenca 

[0010] The abova-descrbed object is attained by the present invention which will be de6cra>ed herdnafter. Namety, 
55 a Itrd embocfiment of the present invention is a tiquhf crystalline charge transfer materol having the following stnictuie 
{Ai contdntng a fluorescent skeletal structure Y. and the core Z of a Bquid crystal: 
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Rr 




CA) 



wherein R-t , which may drectiy be confined with Z without interpoGing . represents a saturated or unsaturated, and 
linear, txanched or cycGc hydrocarbon group having 1 to 22 carbon atoms; and and X2 represent oxyQen atom, sulfur 
akMn. or -CO-. -OCO-. -C00-, -N=CH-. -CONH-, -NH-. -NHCO or -CHg- grODp. 

[001 1 1 A secorxi ennbodinrtent of the present irvention is a Sqiid crystalline charge trartsfer material having the f6Uow- 
ing skeletal structure (B) containing the fluorescent core Y of a liquid crystal: 



wherein and R2. which may directly be combined wfth Y without interposing X^ and X2. each represent a saturated 
or unsaturated, arvl linear, branched or cyclic hydrocaftx>n group having 1 to 22 carbon atoms; and X| artd X^ represwYt 
oxygen atom, sulfur atom, or -CO, -OCO-. -C00-. -N=CI+, -CONH-, -NH% -NHGO or - CIV group. 
[0012] Uqiid crystaline molecUes have seH-orienting property due to ttietr structures. Therefore^ in the case of 
charge transfer in which Kc|uid crystalline mofecufes are used as hopping sites, scattering of hopping sites in tenrw of 
both space and energy is prevented urdSce in the case of cfnrge transfer utilizing the prevtousty-merrdoned molecule- 
dspemed materials, and k>and-Sk0 charge transfer which can be seen in motecular lic^ld crystals is thus attained. For 
this reason, the ISqoxi crystalline molecules can attain extremely high mobility of electric cfwrges as compered wHh the 
conventional molecule^spefsed materials; axJ. moreover, the mobility is not dependent on electric field. In addition, 
tiy tntrodudng fluorescent skeletal structures to the above^lescribed liquid crystatTme nK>lecule6 hamg seH-crienting 
property, tiere can be obtained Bquid crystalfine charge transfer materials whose self-orienting property is not 
adversely affected by the addition of fluorescent materials^ 
[0013] In the drawings; 

Rg. 1 1s a schernalic view showing art dectro-lurninescentelentent: 

Fig. 2 is a schematic view shownng an electro-luminescent element (an example of electrode pattern): 

Fig. 3 is a schematic view showing an electro-tunvnescent denrwnt; 

Ftg. 4 is a schematic view showing an electro-Iunrtinescent element; 

Rg. 5 is a schemabc view showing an optical serrsor; 

Fig. 6 is a schematic view shc^Mng an optical sensor; 

Fig. 7 is a schematic view showing an optical sertsor; 

Fig. B is a schematic view shewing an irnage-di8playing elernerit: 

Fig. 9 is a schematic view showing an image-recorcSng d«nce; 

Ftg. 10 is a schematic view showing an image-recording device; 

Fig. 11 is a schernatic^new showing a spadal optical nmiulator: and 

FiQ. 12 is a schematic view showirrg a thirvISm transistor. 

[0014] By shcMHng preferable embocSmems of the present invention, the present invention vnD be descra}ed more spe- 
dricaiiy. 

[OOiq Uquid crystalline icharge transfer niaterials of the present invents 

kMring charge transfer materials, preferable ones are those liquid crystalline charge transfer materials which fulf ill the 
previously-mentioned requirements, and, at the same time^ have the core (Gjc electron system aromatic ring)^ (IOjc 
electron system aronwlic ring)m or (14jt electron system aromatic ri^^ 

videdthatUm-i-nBl to 4). the 6k electron system aromatic ring b^ oombiried through a oonto 
carbon-cart)on double bond or cartx»n<»rbon triple bond. The nuni^ 

taldng ntobirity of electric charges into consideration. Examples of Bk electron sy^em aromatic rings include benzene, 
pyridine, pyrimidm. pyridazine, pyiame and tropdone rings; eotamples of lOjt electron system aromatic rfrigs include 
naphthalene, azulene, benzofuran. indole, indazole. berizothiazole. benzoxazole, benarnidazole. quinoline, isoquino- 
line, qiinazoTine and quinoxaline rings; and 1 4k electron system aromatic rings include phenenthrene and anthracene 
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rings, tt has been known thai these n electron system aromatk: rings show fluorescence when vdtage or fight is applied 
thereto. Those charge transfer materials wHdi are prefefBbty used in the present invention have structures oombined 
with these n electron system aromatic rings* so that th^ are more preferable from the viewpobit of fluorescence. 
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[0D16] TTie Hquid crystalline charge tmisler materials of the present tmerHian are useful tor a variety of appteatiGns 
such as optical sermrs, electro-luminescem elements, photoconductors, spadal optical modulatora and thin-4ilm tran- 
sistors. 

[0017] The liquid cryslaDtne charge trarnfer materials of the present Invention can attain high nxMity of electric 
charges, arxi prevent the formation of structural traps. Therefore, optical sensors having high-speed respognrsftjaily can 
be mentioned as a primary application of these matertala Secondanly. the materials of the present Irwei^n are excei- 
lent in charge tmnsferability, and they thenrtsetves are fluorescent, so tfurt tiey can be used for charge transfer layers in 
etectro-timiinescent elements which can be produced Mnth the mob^ maintaining high. Moreover; the materials of the 
inventk)n are such that orientatoi in an electric field and photoconductivfty can t>e switched at the same time. There- 
fore, they can tse used for image^Bsptaying etements. 

[OOld] Rgs. 1 to 4 are views for illustrating typical examples of the applicafion of the charge transfer materiats of ttie 
present invention fo electro-luminescent elen^ents. The simplest structure of the elements is shown in Fig. 1 . in wtuch 
a luminescent layer (charge transfer layer) 10. 14 is fonmed as a single ieyer; and sandwiched between a cathode 
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(transparent electrode) 13 provided on a transparent substrate 15* and an anode 13* provided on a substrate 15. Ref- 
erence numeral 1 6 indicates a spacer Only when the charge transfer materia) has bdh charoe transferabilrty and fluo- 
rescence like the liquid crystalDne charge transfer materials of the present inventioa rt is possible to produce an electro- 
luminescent element having the above structure. In t^s case* in order to obtain strong luminescence, it rs preferable 
5 that a materiat having a low work function be selected as a material for forming the cathode which acts as an electron 
ir^ector and that a material hasnng a work function which is equal to or greater than the work function of the cathode l>e 
selected for fommng the anode. 

[0019] Examples of materials for forming the anode generalty indude rTQ, indium cDdde, tin oxUe {doped with anti- 
mony» arsenic, or fluorine), Cd^Sn04, zinc oxide, copper iodide, alkaline or aikaline earth metals such as socfium, potas- 
10 sium. magnesium and lithium, sodium-potasskim alloys, magnesiunHndium aloys. magne^um-sitver alloys, aluminum, 
gokt. stiver, gallium, indium and copper, and those materiais which are used for fonrrong the cathoda 

r[0020] A nnterial for forming the lumk)e6cent layer or ctwge trar«fer layer is conrposed of a charge transfer material 
and a luminescertt material. The charge transfer matedal is preferably an electrorvhote transfer material, a mixture of 
« e)ectron4x>tetrarTSler materials, or a mixture of an electron transfer nmterial and a hole transfer material. However, in 
15 the case where luminescence at the surface of the electrode is utiToed, a material which transfers only electrons or 
holes may also be used. Since the charge transfer materials of the present invention themselves are fluorescent. It is 
: not necessary to use any luminescent material in the present inventxxi; however, such a material may also be used 
^ ak)ng with the materials of the invention. 

[0021] Further, in the case of an electro-luminescent elenient having a structure as stown ki Fig. 3 or 4, the tlMnese 
20 ofaJurriinescentJayer.Clumlnescem rnaleri^) lOJssorr)^ 

The thickness of the luminescent layer is preferably from 0.2 to 15 |im; and It can be adjusted by scattering spacer par- 
ticles in the luminescent material, or by a sealer to be provkled around the periphery of the c^. 
[0022] ~ FigsTS toT are views for illustrating typk»il 'examples^of the applic^dkm of the charge'trahsfer nnaiertalsof the' 
present invention to optical sensors. An optical sensor is composed of electrodes 13. 13', and a \k\M crystaltne charge 
25 transfer material 14 of the present invention. For optical sensors, such a property that f)e value of electric cun^ent 
changes when Dght is appied tothe charge transfer PDateriala can be utiKzed. 

[0023] Fig. 8 is a view for Hkistrating a typical exanple of the application of the charge transfer materials of the present 
invention to image-displaying elenr>ent& An image^spfaying element is composed of a transparent sutntrate 15 such 
as a glass plate, a transparent electode 1 3 made from tlO findlum titanium oxide) or the like* a charge^enerating layer 

90 1 4* which ger>erates carriers correspondingly to 1^ appfied to this layer, a GquM crystafline charge trarfsfer material 14 
of the present invention and a counter electrode (goid electrode) 13\ which are successively laminated in the man- 
tioned order. When light is applied image-wise (input image) to the k>wer part (transparent substrate) of the element, 
molecules in the Ikfuid crystalline charge transfer material are oriemed correGpomfing^ to the Bght applied, and canierB 
flow toward the counter electrode (goU electrode) 13'. By optx»lly reading this orientation of molecules in the DquU 

35 crystal, the input image can be raproduced. H the above liquid crystal is smectic. the orientatfon of molecules in 
the Ikiuid crystal is majntatned for a fong time, and the input infonnation can thus be nuintained for a long time. 
10024] Rg. 9 is a view for ilustrating an example of the appTication of the Bquid crystalline charge transfer nwterials 
of the presem invention to a charge transfer layer 14 in an image-recording device. WNle applying voltage to upper arxf 
loMsr electrodes 1 3 and 1 3* as shown In Fig. 9. light is applied pattem-wise to tie upper pert of the device. In a charge- 

40 generating layer 14*. carriers are generated pattern-wise; and charges transferred by the charge transfer layer 14 are 
discharged in the space 1 9, and reach the surface of an information-recording tay^ 

[002$] The infonnat'on-recordlng layer is a liquid crystal-polymer conposrle layer consisting of a smectic Iquid crystal 
and a polymer. Molecules in the Gqukl crystal are oriented pattern-wise by an electric f ieW produced by accumulated 
charges, and aocunmlaied. Opticat reading can flius be condi^tsd. 
45 [0026) Fig. 1 0 also Shows an infomralnn-recording dam». ^)plicatk)n of v^ 

tf>e same manner as in the case of the information-recording device shown In Fig. 9. Charges generated Ctmage) are 
accumulated on the upper suriiace of a dielectric layer 20. and optical reading can thus be conducted. 
[0027] Further: the Ik^uid crystalline charge transfer nriaterlals of the presem Invent 

optical modulator as schenBtically shown in Fig. 11 . Moreover, they can also be used as an active layer in a thin-fitm 
so transistor. For exanrple; as shown in Ftg. 12. the abovoKjescdbed Squid crystaUine ri^^ 

on a substmte on which a source etectrode, a drain electrode and a gate electrode have been arranged. 

[0028] The present inventfon will now be explained more cpeciicaQy by referring to the following Examples. However, 

the present invention is not limited t>y these examples. 

[0029] 4-HeptylQxyb^enylcarboiw: acid (manifectured by Teikoku Chenvcal Industries Ca. Ltd.. Japan) and 7- 
hydroxy-4-methytcumarin (synthesized in accordance with tttedescription in d Chem Soc Chem, Commun., (2) 225- 
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226, 1 999 were dissolved f n 4-pyridjnyl phenol, and dehydration condensation was then carried out at 90^C by using 
1 ,3KJicyclohexylcarlxxJiimide to synthesize 7-hydroKy-6-<4-heptylGKyt)^henylcartX3xyH-fnethyt^^ 

Examp le A2 

5 

[0030] IWo glass substrates, each having tiereon an ITO electrode (surface resistance: 100 to 200 fVo) formed by 
means ol vacutim deposition were tx)nded vnih the ITO electrodes facing each other; a gap being imvided between 
the substrates by using spacer panicles, thereby obtavung a cell. Into this cell» the 7-hydrQxy^4-heptylcxyt:Mphenyl- 
cartx)xy}-4-metfiytcumarin obtained in Example A1 was injected under ttie condition of 1 lO^'C. When a direct current 
10 electric field of 250 V was applied to this cell. Iuminescer)ce originating from the above compound was observed. 

[0031] A glass sii^strate on wivch an ITO electrode (surface resistance: 100 to 200 O/b) had been provided by means 
75 of vacuum depositkxi.arKi a glass substrate on which an Ag electrode (specific resista^ 1 iVcm or less) film tfuck- 
ness: 3.000 A) had been provided were txyided with the electrodes lacing each other, a gap being provided between 
the substrates by using spacer particles, thereby obtaining a cel. Into this cell, a liquid crystaline material which was 
the compound obtained in Example A1 was injected under the condition of 1 rC. When a direct current eledricfield of 
250 V was appBed to this cell in a dark room, luninescence ongtnating from the above liquid crystallkte materia) was 
20 obsen^. 

Examplfl A4 

[0032] A cell having the structure shown tn Fig. 2 was made by using a Squid crystalline material which was the com- 
25 pound obtained in Exanple A1 , where the liquid crystaine material was IriiectBd Into the call under the condition of 
1 lO^C. When a direct current electric TtM of 250 V was applied to this cell in a dark room, luminescence originating 
from tfie above liquid crystalline material was observed 

90 

[0033] Acea having ^ structure shown in Fig. 3 was made by using a liquid crystalline material which was tfie com- 
pound obtained in Example A1 . where the liquid crystalline material was injected into the cell under the condition of 
110*0. When a direct current electric field of 250 V vm^ eppGed to this ceB in a dark roonx luminescerKe originating 
from the above liquid crystalline material was observed 

55 

ExampteAfi 

[0084] A cell havirig the structure shown in Fig. 4 was made by using a liquid crystalline material which was the oonrh 
pound obtained in Exanf^e A1 . where the liquid crystalline material was if^ected into the cell under the condifion of 
40 1 io«C. When a direct current eiectrc field of 250 V was opplied to this eel) in a dark room, luminescence originating 
from the above liquid crystalline ntaterial was observed 

Example 81 

45 [0035] Two glass substrates, each havkig thereon an ITO electrode (surface resistance: 100 to ^ 

nmns of vacuum deposition were t)CMxi6d with the nx> electrodes 1^ each other, a gap b^ng provided between the 
substrates by using spacer partides, thereby obtaining a cell. Into this celt, benzthlazole Hquid crystal (2-(4'-heptylQxy' 
phenyI>-6-dodecy)ben2othiazole, Cry5tal-90*C-SmA^iqo**C-lsa) was lr<ected under the condition of 110*»C. When a 
direct cun^ent electric f ieU of 250 V was applied to this cell, luminescence originating from the abOhre oompoimd was 

so obsen^ 

Example B2 

[0036] A glass substrate on vt^hich an rro electrode (surface resistance: 100 to 
55 of vacuum deposition, and a glass substrate on which an Ag electrode (specific resistance: 1 o/cm or less, film tMck- 
ness: 3,000 ^ had been provided were bonded with the electrodes iadng each other, a gap being provided between 
the sttetrates by using spacer particles, thereto obtaining a cell. Into this cell, a liquid crystalline material whk:h was 
the compound obtained in Example Bl was ir^ected under the conditioo of 1 10^. When a direct cunert eledricfield 
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Of 250 V was applied to this cell in a dark roorru luminescence originating from the above Cquid crystalline materia) was 
observed. 

Example Bfl 

[0037] A eel ha^ng the structure shown tn Fig. 2 was made by using a Dquid crystalline material which was the com- 
pound obtained in Example B1. where the liquid crystalline material was injected into the cell under the condition of 
1 ^<r<X When a direct current electric field ol 250 V was applied to this cell in a dark room* lurrenescmse originating 
from the above liquid crystalline material wEis observed, 

faamplaM 

[0038] A cell havHig the structure shown in Rg. 3 was made tay using a liquid crystalline material was the com- 
pound obtained in Example B1 . where the liquid crystaHtne material was iryected into ttie cell under the condition of 
15 \WC. When a direct current ^ectric field of 250 V was applied to tNs cell in a dark room, luminescence originating 
from the above liquid crystalline material was observed. 

20 IWS&I Acell-havin0-the.s»?uctLreshawnin.F!5,-4-wK.nw^ 

pound obtained In Exanrple B1, where the liquid crystalline material was iryected into the cell under the corvfition of 
1 lO^C. When a direct currem electric field of 250 V was appEed to this cell in a dark room, luminescence originating 
~ from the atioy^ 

25 ClBlms 

1. A liquid crystalline charge transfer material having the following structure (A) containing a fluorescerrt skeletal 
structure Y and the core Z of a liquid crystal: 



30 




3S tn which Bt . which may directly be combined with Z without interposlrtg , represents a saturated or unsaturated, 
and 6near. branched or cyctic hydrocartwn group having 1 to 22 cartxxi atoms; and Xi and X2 represent oxygen 
atom, sulfur atom, or -CO. -0C0-, -C0O-. -N-CI+. -CONH-. -NH-, -NHCO- or -CHr group. 

2. The Bquid crystalline charge transfer material according to daim 1 . wherein Z has a structure represented by Z^ or 
40 ZyZ^-I^, in which and Za are (Gic election system aromote ring)|. (lOx electron system aromatic ring)^ or (14fc 

electron system aromatic rfar)g)n (where t. m and n are an integer of 0 to 4. provided that I -fm-i-n- 1 to4).andZ^ 
is -CHoCH-, -OC-, -N=N-, -CH=N- or -COO- group, or Z^ and Z3 are directly combined with each other. 

3. The liquid crystalline charge transfer material according to claim 1 or 2, wtterein Y is selected from racficals of metal 
45 ch^e compounds, polycycOcalty condensed or coniugated aromatic hydrocarbons, diphenylelhylene derivativas, 

tnphenylamine derivativas, daminocart>azole derivatives, bisstyryl derivatives, t)enzothtazole derivatives, bwaox- 
b2xAb derivatives, aronrtatic diamine derivatives, quinacridone compoundG, perytene compounds, oxacfiazole deriv- 
atives, cumarin conrqpounds and anthracene derivatives. 

50 4. An electro-luminescent element oont»ning in its driving path at least one nraterial set forth in any one of claims 1 
to3. 

5. All ^ectro-himinescent element whose charge transfer part and luminescent part are made from at least one mate- 
rial set forth in ariy one of daims 1 to 3. 

65 

6. An electro-luminescent element which contains in its driving path at least one material set forth in any one of claims 
1 to 3 ar)d whose charge transfer part and luminescent part are composed of a single layer. 
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7. Afl Optical sensor containing in its driving path a! least one material s^ forth in an/ one of daims 1 to 3. 
S. A photoconducta containing In Its driving path at least one niaterU^ to3. 

9. An iniage-displaying element containing in its driving path at least one material set forth in any one of claims 1 to 3. 

10. A spacial optical nwdirfatora>ntaiNng in its driving path at least one mate^ to3. 

1 1 . A thin^m transistor containing in Hs driving path at least one material set forth in any one of daims 1 to 3. 

12. A Cquid crystaHine charge transfer material having the following sk^etal structure (B) oontaning the fkiorescent 
core Y of a Bquid crystal: 



in wfrich Rt and H^, which may directly be combined with Y without tnterposmg and Xg. each represem a satu- 
rated or unsaturated, and linear, branched or cydic hydrocari^ group having 1 to 22 cartxxi atoms; and arxl 
Xj represent oxygen atom, sulfur atom, or -CO-, -0C0-, -000% -NoCH-, -CONH-, -NH-, -NHCO- or - CHj- group. 

13. The liquid crystalline charge transfer material according to d^m 12. wherein Y is (Gx electron system aromatic 
ring}|, (lOx electron system aromatic ringJm or (I49c electron system aromatic ring)n (where I. m and n are an integer 
of 0 to 4, provided that I -f m -i^ n - 1 to4}. and the aromatic rings may be combined through -ChkCH-. -OC-, - 
N«N-. -CH-N- or -COO- group. 

14. The liquid crystalline charge transfer nnaterial according to daim 12. wherein Y is selected from radicals of vMb\ 
chelate compounds, pdycydicalty cond»ised or conjugated aromatic hydrocartsons, dphen>4athy4ene derivatives, 
triphenylanvne derivatives. diaminocaft)a2ole derivatives, bisstyryl derivatives. t»r»othiazole derivathws, benzox- 
azole derivatives, aromabc diamine derivatives, quinacridone compounds, perylene conpounds, oxadtaole deriva- 
tives, cumarin compounds and anthracene derivatives. 

1 5. An electro-luminescent element containing in its driving path at least one material set forth in any one of daims 1 2 
toK 

1 6. An electro-luminescent element whose charge transfer part and luminescent part are made from at feast one mate- 
rial set forth in any one of daims 12 to 14. 

17. An electro-lumtnescent element which contains In its driving path at least one material set forth in any one of daims 
12 to 1 4 and whose dwge transfer pari and lurninescent part are composed of a single layer. 

18. An optical sensor containing in its drivirig path m least one nimerial set forih m 12 to 14. 

19. A photoconductorccmtalrting in its driving paith at least one rriaterialse^ 

20. An image^isplaying element containing in its driving path at least one material set forth in any one of daims 12 to 
14. 

21 . A spacial optical modulator containing in its driving path at least one material set forth in my one of daims 1 2 to 1 4. 

22. A thin-film transistor containing in its driving path at least one material set forth in any one of dainv 12 to 14. 




(B) 
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